Background: Chronic exposure to inhaled anaesthetic agents poses an occupational hazard related to the practice of anaesthesia. Therefore, this study sought to find out the perception of anaesthesia providers on exposure to inhalational anaesthetics, evaluate their knowledge on the effects of chronic exposure and strategies to reduce chronic exposure to operating room inhalational anaesthetic agents. Method: This cross-sectional survey was conducted by administering a self-administered questionnaire to 71 anaesthesia providers in Ghana who attended the annual refresher course of the faculty of Anaesthesia, West African College of Surgeons, in 2016. Data collected were analysed and presented as frequencies and percentages. Results: Halothane and isoflurane were the most frequently used inhalational agents by the respondents. Majority (90.1%) of the respondents perceived they are exposed to inhalational anaesthetics in their working environment. Majority of the anaesthetic providers cited poorly functioning scavenging systems (28.2%) and use of paediatric Ayre's T-piece (28.2%) as sources of exposure to inhalational anaesthetics. All respondents admitted making attempts to reduce their exposure to inhalational anaesthetics. Majority of the respondents mentioned teratogenicity (77.5%) and hepatotoxicity (67.6%) as effects of chronic exposure to inhaled anaesthetic agents. Conclusion: Anaesthesia providers in Ghana perceived they are chronically exposed to inhalational anaesthetic agents in their work environment. They are aware of the sources of inhalational anaesthetic agent exposure, associated health risks and strategies required to reduce chronic exposure to inhaled anaesthetic agents.
Exposure

Introduction
Inhalational anaesthetic agents enter the body via the lungs and are distributed by the blood into different tissues. The brain is the target organ for inhalational anaesthetic agents. They work by amplifying inhibitory function or decreasing excitatory transmission of nerve endings in the brain. Chronic exposure to high concentrations of inhalational anaesthetic agents has been reported to affect health [1] other inhaled anaesthetic agents such as nitrous oxide, chloroform, cyclopropane and trichloroethylene and series of halogenated anaesthetics (enflurane, halothane, isoflurane, sevoflurane and desflurane) were introduced. The dangers of inhaled anaesthetic agents to the patient and the anaesthesia providers have long been postulated. In 1967, studies showed a high incidence of headache, nausea, irritability, fatigue and adverse reproductive effects among anaesthesia providers using inhaled anaesthetics [6] [7] . These studies inspired other researches on effects of inhaled anaesthetics which led to the publishing of the booklet "Waste anaesthetic gases in operating room air: a suggested program to reduce personnel exposure" by American Society of Anesthesiologists (ASA) in 1981 [8] .
The first report in the 1970s on deteriorating psychomotor performance of the operating room personnel following chronic exposure to nitrous oxide and halothane, [1] led to active studies in this area. Most of these studies showed an increase in frequency of symptoms such as headaches, dizziness, memory impairment, fatigue, deterioration of reaction time, and poor after work performance test and central imbalance in operating room personnel exposed chronically to inhalational anaesthetics [2] [3] [4] [5] . However, a subsequent multicentre study suggested the absence of the above symptoms in operating room personnel so long as their exposed working environment inhalational anaesthetic concentrations are kept below the recommended levels by applying appropriate protective measures [9] .
Numerous animal studies have been conducted on the carcinogenic and genotoxic effects of inhalational anaesthetic agents but these have failed to prove malignant abnormalities in histological samples as a result of delayed consequence of exposure [10] - [16] . Some studies have shown that the older inhalational agents are potentially carcinogenic whilst the newer inhalational agents are not [11] [17] .
Various animal studies have shown contradictory results concerning the hepatotoxic effects of inhaled anaesthetic agents [18] [19] . Halothane hepatitis has been demonstrated in recurrent exposure to halothane, however there is a limited report on induced hepatitis caused by other halogenated agents [20] [21] .
It has also been noted that health workers exposed to inhaled anaesthetic gases have elevated serum bilirubin and liver enzymes [22] .
Earlier studies have reported an association between inhaled anaesthetic gas exposure and foetal anomalies (teratogenic effects) and miscarriages/fertility problems [17] [19] [23]- [31] . However, these studies have been criticised on account of their reproducibility in human subjects [17] Several researches involving laboratorial exams of operating room personnel seems to favour the possibility that working in operating rooms poses an occupational risk such as chronic exposure to inhalational anaesthetic agents [23] [32] [35]- [41] .
Despite negative reports on the effects of inhaled anaesthetic gases, the issue is still surrounded by controversies. Considering the variability of individual responses to different inhalational anaesthetic agents, contradictory results are found in literature. The decisive factors that appear to influence the adverse health effects of exposure to anaesthetic gases are mainly the type of gases used, the length of exposure, and the gas concentrations [42] .
An alert from the United States Government's National Institute of Occupational Safety and Health advocates action to dispel any complacency and cites reports which suggest that health care workers may be at risk even when operating theatres are provided with scavenging equipment [43] . This confirms similar findings in studies of operating theatres in Britain, in which half the personal samples from anaesthetists exceeded an average concentration of nitrous oxide of 100 ppm during the period monitored [44] . The alert from the National Institute of Occupational Safety and Health emphasises that simply installing a ventilation system and scavenging equipment is not enough. Such technology must be supported by planned preventive maintenance, regular inspections for leaks and defective equipment, and good anaesthetic technique. This should be supported by a commitment to training so that all concerned understand the preventive measures required. This survey therefore sought to find out the perception of anaesthesia providers on exposure to inhalational anaesthetics, evaluate their knowledge on the effects of chronic exposure and strategies to reduce chronic exposure to operating room inhalational anaesthetic agents. 
Methods
Results
In this survey, 50 (70.4%) of the respondents were Anaesthesiologists and 21 (29.6%) were Nurse Anaesthetists. Majority of the respondents were females.
More than half of the respondents have practiced anaesthesia for less than five years (Table 1) .
Use of Inhalational Anaesthetic Agents
Out of seventy-one (71) anaesthesia providers, only 1 (1.4%) did not use inhalational anaesthetics in their practice. Sixty-five (91.5%) uses halothane, 67 (94.4%) uses isoflurane, 35 (49.3%) uses sevoflurane, 11 (15.5%) uses nitrous oxide whilst 1 (1.4%) uses desflurane in their practice.
Perception of Exposure to Inhalational Anaesthetic Agents
Sixty-four (90.1%) perceived to be exposed to inhalational anaesthetics in their working environment. However, only 29 (40.8%) acknowledged an allowable limit to the concentration of inhalational anaesthetics in their working environment. (Table 2) . Other reasons alluded to were leakage from anaesthetic machines and circuits, improper fitting face mask, and use of high flows during anaesthesia.
The few anaesthesia providers 7 (9.9%) who did not perceive to be exposed to inhalational agents said they either have properly functioning scavenging system or performed only regional anaesthesia (Table 3) . One provider however did not have any reason for his perceived non-exposure.
Knowledge on Effects of Exposure
Majority of the anaesthesia providers identified tiredness (87.3%) and headaches (70.4%) as symptoms of chronic exposure to inhalational agents as shown in Table 4 .
Majority of anaesthetic providers were also aware of the major organ effects of chronic exposure to inhaled anaesthetics: teratogenicity (77.5%) and liver disorders (67.6%). Only few were aware that chronic exposure to inhaled anaesthetics could cause allergic reaction, neurologic disorders and bone marrow suppression as depicted in Table 5 . 
Knowledge on Strategies to Reduce Exposure to Inhaled Anaesthetics
None of the anaesthesia providers admitted to a routine monitoring of inhalational anaesthetics in their working environment.
All 71 (100%) anaesthesia providers admitted making attempts to reduce their exposure to inhalational anaesthetics.
All anaesthesia providers mentioned that ensuring a properly functioning scavenging was a strategy in reducing exposure to inhalational anaesthetics.
Other strategies suggested included use of regional anaesthesia techniques, use of total intravenous anaesthesia (TIVA) and use of circle system as shown in Table 6 .
Discussion
From this survey, halothane, isoflurane and sevoflurane were the commonest inhalational anaesthetic agents used in clinical practice in Ghana. However, isoflurane (94.4%) and halothane (91.5%) usage were very high as noted in other studies [45] . Halothane, however, is reported to be rarely used in the united states currently [46] . Halothane and isoflurane are less costly compared to sevoflurane and desflurane [47] and therefore may explain the commonest usage of these inhalational agents in a developing country like Ghana. Secondly, most hospitals do not have compatible sevoflurane vapourisers which shows its reduced use. Desflurane usage was the least common inhalational anaesthetic re- properties noted in literature [49] [50], however, it has potential side effects as well [51] and this may explain its low usage (15.5%) among the anaesthesia providers studied. There is the added disadvantage of production, distribution and relative cost of nitrous oxide in the sub-region especially Ghana. Anaesthesia providers from this survey reported tiredness, headache, nausea, irritability and memory disorders as symptoms of chronic exposure to inhalational anaesthetics (Table 4 ). This agrees with reports of previous studies [2] [3]
The anaesthesia providers under study were well aware of some of the major organ effects of chronic exposure to inhalational anaesthetic agents. Teratogenicity, liver disorders, renal disorders and carcinogenicity were among the highest mentioned organ damage effects of inhalational anaesthetics. This well agrees with documented literature [12] [17] [30] .
All the anaesthesia providers in this survey reported taking precautions in an attempt to reduce their exposure to inhalational anaesthetics. Various strategies were mentioned by the providers as a means of preventing exposure (Table 6 ).
All the anaesthesia providers asserted that properly functioning scavenging sys- survey mentioned the use of low fresh gas flows as a strategy of preventing exposure to inhalational anaesthetics. An effective room air conditioning system in operating theatre reduces anaesthetic gas exposure [58] , as noted by 23.9% of anaesthesia providers in this survey.
The survey was conducted among anaesthesia providers in Ghana. Findings may vary with the geographic location, anaesthetics and facilities available to anaesthesia providers surveyed and presence or otherwise of policies and regulatory framework for monitoring anaesthetic gas exposure. The findings of this study can therefore not be generalized globally. Furthermore, the questionnaire may not have been rigorously developed to ensure reliability and reproducibility.
Conclusion
Anaesthesia providers have a responsibility to be cognizant of the risks within their working environment and the need for reducing operating room anaesthetic pollution. The findings of this study reveal that anaesthesia providers in Ghana are aware of the risk and sources of anaesthetic gas exposure and strategies of reducing exposure to inhaled anaesthetics. It is therefore important for various health facilities to have an effective maintenance program that regularly checks and services all anaesthetic equipment including scavenging systems.
Continuous education on sources and risk of anaesthetic gas exposure as well as adoption of strategies aimed at reducing anaesthetic gas exposure and provision of a safe working environment for the anaesthetists is important. 
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